Results: Two dietary patterns emerged, generally correlating with the same foods in different countries: one associated with intake of animal proteins and carbohydrates; the other with fruit and vegetables. There was evidence that the former pattern was associated with a higher asthma score (RR 1.63, 95% CI: 1.33-2.01), current asthma (RR 2.03, 95% CI: 1.52-2.71), wheeze (RR 1.84, 95% CI: 1.30-2.60), atopic status (RR 1.68, 95% CI: 1.16-2.44) and with decreased lung function, including an FVC <LLN (RR 4.57, 95% CI: 2.27-9.21).
Conclusions and Clinical Relevance:
Our findings suggest an increase in sensitisation to common allergens, an increase in asthma symptoms, and a reduction in lung function in those eating a diet rich in animal proteins and carbohydrates. We found little evidence of an association between these outcomes and eating a diet rich in fruits and vegetables.
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| INTRODUCTION
There is accumulating evidence from observational studies that high intakes of fruit and vegetables have a protective effect in children and adults with asthma. 1 Additionally, asthma has been associated with low intakes of dietary antioxidants and particularly with vitamins C, D and E and selenium. [2] [3] [4] However, trials of supplementation have been unsuccessful and have contradicted the findings from observational studies. [5] [6] [7] This may be because apparent effects in the observational studies were confounded by lifestyle factors or by other dietary components. 8, 9 In the last decade, the use of principal component analysis (PCA) has offered an alternative to analyzing dietary exposures as single foods or nutrients, by empirically identifying consistent dietary patterns. Observational studies in adults from Europe have shown a positive association between dietary patterns that reflect a more 'Western diet' and asthma risk [10] [11] [12] [13] and have been associated with lower ventilatory function. 14 On the other hand, having a 'prudent' pattern, usually characterized by fruit and vegetable intake, has been associated with lower risk of chronic obstructive pulmonary disease (COPD) 15, 16 and better ventilatory function. 13, 14 However, other population-based studies have not confirmed these associations when linking PCAderived dietary patterns to asthma, 17 ventilatory function, 18 or allergyrelated outcomes. 17, 19 A possible reason for the contradictory findings is that results from dietary patterns derived with the use of PCA have not always been reproducible across different settings. 20 In order to address this limitation of PCA, we used a novel approach for the analysis of food frequency questionnaire (FFQ) data across different countries, a meta-analytic approach to PCA (meta-PCA In all centers permission to conduct this study was obtained from appropriate local ethics committees, and all participants signed a written consent form after being fully informed about the study.
| Food frequency questionnaire (FFQ)
One GA This was assumed to denote zero intakes of these foods unless more than 20% of items were blank, in which case the FFQ was considered incomplete, and the subject was excluded from analyses. Participants were also excluded if they had extreme values of total energy intake, which might suggest an unrealistic response. We calculated the expected basal metabolic rate (BMR) with the given age, weight, and sex and excluded subjects with a ratio of energy intake to expected BMR that was either below the 0.05 th sample centile or above the 99.5 th sample centile for their country.
We have included in our analysis only food items which were consumed at least 1-3 times/wk by more than 5% of the individuals in our final sample.
The GA 2 LEN FFQ was validated in five EU countries, namely Finland, Portugal, Germany, Poland, and Greece) and demonstrated to be a good tool to assess midterm intake of foods, specifically essential polyunsaturated fatty acids (PUFAs). 21 The instrument has also been demonstrated to be an accurate tool to assess dietary sources of flavonoids. 
| Asthma and allergic symptoms
Within each country we used Poisson regression models with a robust error variance and linear regression models to investigate associations between dietary patterns (categorized in quintile groups) and respiratory and allergic outcomes. Regression results were pooled across countries using random effects meta-analysis, and heterogeneity was summarized using the I 2 statistic. Forty-three food items were excluded from our analysis due to infrequent consumption, leaving 196 out of the original 239 items.
| RESULTS

Centers in
In total, 120 subjects were excluded from the study due to incomplete or implausible total energy intake. We compared the characteristics of those included (n = 3206) and excluded (n = 120) from the study, and both samples were very similar in terms of age, sex, BMI, education, employment, and smoking. Further descriptive data on health outcomes and confounders are presented in Table 1 . Table S1 (see Data S1), in more than five countries the first pattern was characterized by high consumption of fruits and vegetables and the second one was closely associated with intakes of animal proteins and carbohydrates, and thus patterns were labeled accordingly.
| Dietary patterns identified with the use of meta-PCA
| Asthma and allergic symptoms
There was evidence of an association of the animal proteins and carbohydrates pattern with asthma score (RR 1.63 per quintile, 95% CI: Results of meta-analyses of the effect of principal component scores on respiratory and allergic outcomes. Mean difference, relative risks (RRs), and 95% confidence intervals (95% CI) represent increase in risk per quintile of dietary pattern scores. N = 3206. Bold values indicate P-value <0.01. *All results presented are adjusted for age, sex, smoking status (never, ex-smoker, current), body mass index, age at completion of full-time education, occupation, use of nutritional supplements, and total energy intake (TEI).
1.16-2.44) ( Table 2) . For lung function, significant associations were seen suggesting increases in risk of FVC < LLN and decreases in pre-and post-bronchodilator mean differences of FEV 1 and FVC, in association with the animal proteins and carbohydrates pattern (Table 3 ). This was not the case for the FEV 1 /FVC ratio. There was no evidence of heterogeneity in the statistically significant associations between the selected respiratory and allergic outcomes with the animal proteins and carbohydrates pattern (P-values for heterogeneity were above 0.1).
There was no evidence that a fruit and vegetables pattern was associated with any of the respiratory or allergic outcomes (Table 2 ).
There was no evidence of heterogeneity in the effects associated with an animal protein and carbohydrate dietary pattern, which was consistent across countries. However, there was evidence of heterogeneity in the association of asthma score with the fruit and vegetables pattern (I 2 = 50.5%; P = 0.033), and when countries were analyzed separately, increased fruit and vegetables pattern intake was associated with a decreased asthma score in Poland (RR per quintile 0.50; 95% CI 0.27, 0.94) and an increased score in Belgium (RR per quintile 1.97; 95% CI 1.02, 3.78) (Figure 1 ). There was also evidence of heterogeneity in the associations of FVC and other lung function measures with the fruit and vegetables dietary pattern (Table 3) .
| DISCUSSION
This multicenter study found cross-sectional associations between asthma, wheeze and allergic sensitization, and a pattern of dietary intake rich in animal proteins and carbohydrates. This pattern was also associated with small decrements of pre-and post-bronchodilator FEV 1 and FVC . There was no strong evidence that a fruit and vegetables pattern was associated with lung function outcomes. Diet is strongly socially, environmentally, and culturally patterned with specificities between countries and social groups. 33 Heterogeneity in multicenter studies as observed for the "fruit and vegetable" pattern in Figure 1 could suggest alternative explanations for apparent effects of diet observed in single centers, such as uncontrolled confounding, and would make us cautious about inferring causation and of progressing to a trial. 34 From a methodological point of view, it is possible that some of the heterogeneity observed reflects the wider range of foods included in this category (over 50 fruits and vegetables, while there were less than 30 sources of animal proteins).
In contrast, it is notable that the associations of the animal proteins and carbohydrates dietary patterns with respiratory and allergic symptoms are very consistent between places with a high degree of homogeneity in the effect estimates ( Table 2 and the right-hand side of Figure 1 ).
Our study has several methodological advantages. The analyses we used give us common dietary patterns (weighted sums of standardized food intakes) that we can investigate at every center. A meta-analytic approach to deriving dietary patterns across a number of centers has been investigated once before in nutritional epidemiology 19 but has not otherwise been exploited in this setting. This is partly because FFQ is often specific to a site, making it difficult to pool data. Our study has the advantage of using data from an FFQ that allowed directly comparable data to be collected in different countries. We have shown that the method can be successful in identifying common dietary patterns, as well as providing evidence on the heterogeneity in the effects associated with those patterns.
However, given the observational nature of the study, we cannot exclude the possibility of residual confounding.
In conclusion, using meta-PCA, we have demonstrated a consistent association across different countries between a diet with a high intake of animal proteins and carbohydrates and respiratory and allergic outcomes and lung function.
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